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temperatures. See Work 
softening. 
Chromium-nickel-molybdenum- 
manganese alloy 
Schade. a 1042, 1044-1045 
effect of tempering tempera- 
ture and time 1042, 1044-1045 
high temperature properties 
eer: ere ee ery 1051-1053 


hardness 


stress-rupture ductility 1052 
compared with 16-25-6 
NA ics  mucuaeeae kul 1052 


stress-rupture . 1051-1058 

mechanical properties ..1041-1046 
effect of cold work ..1045-1046 
effect of quenching 

Sates 1041-1045 

effect of tempering 

aw uncel 1042-1045 

Pp aretele wen 1046-1051 

1046 

effect of cold work 1048-1050 

effect of water quenching 
from 1800 to 2150 °F 


tests 


temperature 


treatments 
microstructure 
hot-rolled 


(¥es% eee 1046-1048, 1050 
Chromium-nickel steel, austenitic 
electrical resistivity ..... 959-961 
effect of aging ........ 960-961 
effect of phosphorus 
CONN ic dei eee 959-961 
wine MMO ik aK ERS S. 961-964 
effect of solution tem- 
DOCMINTS © 6 S05» HEFT 61-964 
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Cr-Ni steel, austenitic (cont.) 
ereeeees «sais eid das 952-958 
effect of aging temper- 
RRO? 6 Te Ss 953, 956-95S 
effect of aging time 
a iis cas es a a 952-954, 957 
effect of carbon content 952 
effect of cooling rate from 
solution temperature 958 
effect of phosphorus 
ONEONE a ee ss aces fs NH4-058 
effect of solution tem- 
perature ..4.6s<: Noo, do-56 
lattice parameters ....... N5S-059 
BURR i Sat fc ba ek 959 
SD. 4 kas ub hae wemee Y5S-959 
RUGPOSITUCIETE ..« ov nnaann 960-968 
effect of aging time .. .963-966 
effect of phosphorus 
COCCUS 6 a balk ne woee 965 
effect of quenching 
SE «be actak anaes» 966-968 
SOG os she kde ed bao 961 
eee GH 6 a's oad dwn 961-964 


photomicrographs ..... 
eld tiode Ved 962, 964, 966, 968 

residual carbide content after 

. 961-964 

. .948-971 


effect of aging temperature 


solution treatment 


precipitation hardening 


5 arate x Adorn ea 953, 956-958 
effect of aging time 

otter 952-954, 957 
effect of carbon content 952 
effect of cooling rate from 

solution temperature 958 
effect of phosphorus 

COE INE ono kira Wee 954-958 
effect of solution tem- 

RT ni5 i wines 953, 955-956 


residual carbide content after 


solution treatment ..961-964 


effect of solution tem- 


I | cag. hee ee ees 61-964 
Chromium-silicon steels 
hardenability ......... 1505-1515 
Coarsened grains 
high speed steel ........ 779, 781 
effect of multiple annealing 
PA ties +b a ee 779, 781 


means of eliminating ..779, 781 
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Cold work 
effect on grain growth 
se wees tee 1585-1386, 1389-1390 
effect on recrystallization 
‘tte tte Lede J. 1381, 1385 
of low carbon steel 
effect on precipitation of 
aluminum nitride ..1484-1485 
of molybdenum 
effect on recrystallization 
oy ial er apetar ee re ae 1452-1453 


Constitution diagrams 


See Phase diagrams. 


Constitutional supercooling 


Cooling rates 
correlation between ideal 
diameter and distance on 
end-quench bar ....... 907-910 
correlation curves of equal 
cooling times ....... 907-908 
in end-quench bars and 
rounds 
correlation with hardness 915 
in end-quenched 7-inch 
SONS ce nes 1339-1341, 1352 
as a function of the distance 
from the quenched 


Cn. ..ckweetncknn 1341, 1352 
comparison with Jominy 
specimen ....... 1341, 1352 


half-temperature time 
ee yee ee S9O, S92, 900-902 
for end-quenched bars 900-902 
compared with theoretical 


Ce wk ce tie Wee 900-902 
for various size rounds 
aul seen 2 s~ of. 890, 892 


in rounds and end-quench 
bars 
specimen for determining 884-885 
1350 °F to terminal temper- 
ature times .....890, 894-896 
for end-quench bars 
Ps age 
for steel rounds ...... 890, 894 
variation of H value .898-899, 902 
with size and position .899, 902 
in round and end-quench 


Poy eee rec tnrey oe ea 899, 902 
with temperature .898-899, 902 


bars 


Cooling rates (cont.) 
in various quenching media 
sib eee ala ees a aha ee 1235-1236 
time-temperature curves 235 


Copper 
additions to Al-Zn alloys 
effect on plastic properties 


6 deb RAs aes 5 ae 348-353 
GRR Bro instr taidiene 661-664 
effect of torsional pre- 
SEM? 44866 we tedeady 661-664 
DaTOee § cis cdvdibardvign 665-666 


effect of torsional strain 
ties vis habe OP epee 665-666 
ingot cast centrifugally ..659-660 
macrostructure ....... 660 
mechanical anisotropy ...655-680 
procedure for investigating 
pon skb tenet esate eae 657-662 
notch tensile properties 
.. -1006-1008, 1011, 1017-1018 
variation of necking strain 
with notch sharpness 


(-cmbedaata se UO oh eed 1017-1018 
variation with notch sharp- 
MEGS. iis oh kas 1006-1008, 1011 


notch tensile strength .1003-1005 
effect of notch sharpness 


oe 0% 246 08 OR Oe Gone 1003-1005 
solubility in vanadium ... 1155 
tensile fracture stress ...661-666 

effect of torsional pre- 

CCR i. bs Oss shes oe 661-666 

Copper-aluminum alloys 
Pyw etree iy ise. ck ot 1080-1082 
effect of test temperature 

biiias@cveiwe eee 1080-1082 


Copper. nickel-silicon-aluminum 
alloys 
development of precipitation- 
hardenable alloy 
evaluation of Cu-Ni-Si 
base alloys ........338-344 
comparison with copper- 
beryllium alloy ...342-344 
effect of solution treat- 
ment temperature on 
Ee 341 
tensile properties ... 339 


ee 


—— 


Ss 


—_—_ 
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Cu-Ni-Si-Al alloys (cont.) 
development of precipitation- 
hardenable alloy 
investigation of Cu-Ni-Si 
alloys 


effect of aluminum 


meee. ce A 332-334 
effect of chromium 

additions .........887-338 
effect of iron 

Ce aS ded —ederer 
effect of magnesium 

additions .........337-338 
effect of manganese 

additions .........3383-330 


effect of tin additions 336-337 
effect of titanium 
additions .........330-a00 
investigation of Cu-Ni-Si 
SYStGM 2. wes te Oe-eaL 
effect of nickel and silicon 


on hardnesses .... 331 


Corrosion 
stainless steel, Types 430 and 
Ee aAvgbae > ext eades 1204-1205 
effect of welding and post- 
weld annealing ....1204-1205 


Corrosion resistance 

of cast Fe-Ni-Cr alloys in 

neutral salt baths 
advantages of salt bath 

elteS a <a etek ea 157-158 
alloys investigated ....160-161 
effect of alloy grain size 179-181 
effect of alternate 

es i... Ue a8 173 


heating 


effect of bath chemistry 

and rectifiers ....... 160-170 
effect of cyanide pre- 

Sreatment  i6 6ve8.0.. 181-182 
effect of Ni and Cr 

content 163-164, 172, 181-182 
effect of partial immersion 

» lice a 5 oniki + poaiera ieee eee 73-175 
effect of salt bath 

composition ....%... 175-179 
effect of sludge in bath 171-173 
effect of sodium fluoride 

me bathe. wvctuacs. 428 170-171 
salt baths investigated .170-175 


Creep 
RONONN os eas occas HU 681-699 
correlation creep strain 
with temperature- 
compensated time ...683-684 


effect of prestrain 


BOUNTES kes Shoe 681-699 
prestrained at various 
temperatures ....... 690-691 


X-ray photograms at various 
CLCOD SUFRINS .6ccee ss 6385-685 
annealed metals .683-687, 696-698 
equilibrium subgrain 
Seen. sabato meee 696-698 
correlation between subgrain 
structures and properties 
py Bhai ka ve woah: alee Aaa en ee ae 681-699 
correlation with rupture and 
self-diffusion activation 
energies 


as function of atomic 


SRE ere 125-127 
equation for total creep ..113-115 
nein kk 6 bce cs 483 681-682 


Creep curves 
RU WES pa sncac cade 703-714 


effect of solid solution alloy 


content on parameter “A” 


és ebt Uae we 708-709, 713 
reproducibility ........ 703-705 


variation of €. with solid 
solution alloy content 
Ki 61a Wie ee we eee 708-709, 714 
variation of slope with solid 
solution alloy content 
in Dpinen0'o ig Wtes TO8-709, 712 
nickel-cobalt alloys .705-707, 710 
nickel-iron alloys ...705-707, 710 
nickel-titanium alloys 
pba’ 6% bene es 705, 708, 711 
nickel-tungsten alloys ...705, 709 


Creep parameters 
GOS i DR cank se weeaas 701-714 
effect of solid solution 

alloying elements ...701-714 
nickel-cobalt alloys ..... 706-707 
nickel-iron alloys ....... 706-707 
nickel-titanium alloys ...706-707 
nickel-tungsten alloys ...706-707 
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Creep properties 
RINNE ik kid ea Hed OS7-695 
effect of prestrain tem- 
DOT RGUGE : 51h5m oid cites i 6S7-691 


effect of stress recovery 691-695 


Creep rates 
nickel-cobalt alloys ...... 706-708 
Sats Ae o's-2 T06-708 


nickel-titanium alloys ...706-708 


nickel-iron alloys 


nickel-tungsten alloys ...706-708 


Critical temperatures 
AISI 1020 steel ........ 1278-1279 
for various burning times 
06 2. 9eeeee: oocud: 1278-1279 
effect of high heating 
TMGCE nn kh -ban eres 1274-1275 
AISI 1020 steel ..... 1274-1275 


AISI 1042 steel ..... 1274-1275 

AISI 1080 steel ..... 1274-1276 

AISI 4130 steel ..... 1276-1278 
effect of heat treatment 

iohhe Deus eRe 1277-1278 

DROME. x 6i4% Oa ch do eee 1270-1284 


effect of tensile stress 1279-1281 


elevation by high heating 


PARES os sade tee 1270-1284 
apparatus for deter- 
ee 1c eb ea 1271-1274 


method of determining 


Cubic lattice, face-centered 
interstitial holes in ....1094-1096 


Cylinders 
of hollow alloy steel 
factors affecting quench 
cracking. See Quench 
cracking. 


Deformation strength 
aluminum-copper alloys 1084-1086 
effect of temperature 1085-1086 
effect of volume-free 
WOOT: acatde ds as 04a 1084-1086 


Dendritic freezing 
anes 1214-1222 


solid-liquid interface 1215-1217 


Die steel 
See also alpha-molybdenum 
die steel. 


Die steel (cont.) 
alpha-molybdenum 


hardenability ....... 1601-1603 
based on transformation 

diagrams .....i. 1601-1603 

low tuspbe aa cis RCs 775, 777 


grain size vs. austenitizing 
temperature for single and 
double quenching ...775, 77 


Diffusion 
activation energy ....... S26 
carbon in austenite .... 826 
effect of silicon ..... 826 
carbon in ferrite ...... 826 
effect of silicon ..... 826 


Diffusion coefficients 
hydrogen in zirconium .. 644 


Diffusion rates 
hydrogen in zirconium .. 644 


Dilatation study 
of gamma loop 
in iron-vanadium system 


208-283 


Dilatometric cooling curves 
steel “Ear GEee. |. cas cohen 1121-1123 
effect of boron content 


Ductility 
COME. 5. sn ab sibs tdee wee 8 661-664 
effect of torsional pre- 
phreien! 3 idiieseei ia 661-664 
effect of notch sharpness on 
e'nb-e OREO ee Wie 1003-1005 
annealed brass ...... 1003-1005 


hard drawn copper ..1003-1005 
ratio of unnotched ductility and 

notch ductility vs. unnotch 

necking strain ...... 1014-1016 


Dynamic loading of metals 


definite OF 23 sci ees 35 
delay of plastic strain ... 47-48 
effect of stress on ..... 48 


effect of temperature on 48-49 
maximum limiting stress 49-50 
relationship to brittle 
(raneti isin es os 51-52 
types of alloys showing 
GO 8 kd Cee eS 50-51 


ee 


— 


teense rem ti 
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Dynamic loading of metals (cont.) 
dynamic stress-strain relations 
eT ee eT ere ee Pre 38-42 
$b eten 39-42 
impact and strain propagation 


for aluminum 


iG sich «a ee Re obs a 35-358 
experimental vs. theoretical 
strain distribution ... 37-3S 
unpact velocity -maximum 
strain equation ...... 36 
velocity of propagation 
ORI a. cktskeekess 36 


mechanism of delay time 


dislocations and yielding 55-59 
Frank-Read dislocation 
RN i Ble ee os LL 7-9 
mechanism of plastic 
Gerematiom °...4 6s. DD 
prevield microstrain ..... §2 
microstrain vs. time ... 3 
strain rate effects ....... $4 
on proportional limit and 
ultimate strength ... 46-47 
strain rate vs. time .... 15 


tension-impact properties 
critical impact velocity . 43-44 


static vs. dynamic tensile 


DOOROTEIND |» 6.4 6eimeus 42-455 
time to initiate vielding 

effect of aging time and 

semperatare Off ....-; 53-55 
Effectiveness factors 
austenite-to-ferrite trans- 

i ik oe 1110 
Election of Officers ....... 26 
Electrical resistivity 

austenitic chromium-nickel 
PUNE = Waa naw ce wews 959-961 
effect of aging ........ 960-961 
effect of phosphorus 
CORFE aii a sw BE 959-961 


Electrical resistivity measurements 


of nitrided titanium ..... 559-560 
Electron micrographs 
high speed steel ....../.. 743-744 
iron-carbon alloys ....... 
Kast CAMRTAISS aie S57T-S64, ST2-S73 
effect of tempering 
temperature ......S57-S64 


Electron micrographs (cont.) 
iron-carbon alloys 
effect of tempering temperature 
0.15% carbon alloy 


Sainie ae 6 eateee eA S61, 863-864 
0.4% carbon alloy ...861-864 
0.8% carbon alloy 

on tee Cee S59-S61, S63-S64 


1.4% carbon alloy 
.S57-859, 863-864, S72-S73 
retained austenite ....... 853, 855 
subgrains in iron-carbon 
ES ns ein dg eeneeea 853, S55 
tempered martensite 
Pe ee ee 853-855, STS-S79 
comparison of rotary and 
static shadowing 
er eee 853-854, S7TS-S879 
subgrains in iron-carbon 


SE ied. c cen We ee 8538, 855 
tempered medium carbon 

OS Foc 8 EE SeA 824-825 

effect of silicon 824-825 


Electron microscope study 
of Ti-7.54% Cr alloy ....243-248 
Electron microscopy 
rotary shadowing 853-854, ST8-879 
comparison with static 
shadowing ..853-854, ST8-S879 


Elevated temperature properties 
of titanium alloys .......584-585 


Elevated temperature tensile 
properties 
aluminum-copper alloys 1075-1088 


effect of dispersions of 


Cea: wic ce was se 1075-1088 
Embrittlement 
I oe ann. 4d 0 eae 1557-1598 


~-- 


at high strength levels.1557-1598 
literature survey ....1558-1561 
relation to nature and sequence 
of carbide structures 


‘png era bie wa ds + ewe 1581-1584 
SAE 2340 steel ........ 1581 
SAE 4330 steel ........ 1582 
SAE 4340 steel ...... 1581, 1583 

time-temperature relations 

Maw ea he* Se eae 1581-1583 
SAE 2340 steel ........ 1581 
SAE 4330 steel ........ 1582 


SAE 4340 steel 
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Equilibrium structures 
iron-chromium-molybdenum 


BONE Po Cu ewes eee Ces 799-811 
Fatigue 
ND os wan 0hdas on 1255-1256 


Fatigue cracks 

in torsion specimens ...1257-1261 
in transverse bend specimens 
1257-1260 


“vee eee eeeenen eee eeeee 


Fatigue limit 
SAE 4340 steel 
effect of inclusions ..1254-1260 
free of inclusions ...... 
1257, 1260-1263 


Fatigue, high temperature 
brass, alpha 
effect of grain size..... 
1023-1025, 1027-1082, 1035 
on creep rate ...... 1030-1032 
on ductility ..1028, 1030-103 
on fatigue life at various 
temperatures arid 
Stresses ....1023-1025, 
1027, 1029-1030, 1032, 1035 
on minimum creep rate. .1030 
photomicrographs ...1033-1035 
typical fractures ..1033-1035 
variation in creep rate with 


dynamic stress 1032 
variation in creep rate with 
mean stress ....c.e.-; 1031 


variations in ductility with 
dynamic stress ...1029, 
variations in ductility with 
eaeyeres 1028, 1031 
variations in fatigue life with 
dynamic stress 1026-1027, 1029 
variations in fatigue life with 
mean stress ..1023, 1026-1027 
variation in fatigue life with 
temperature ...... 1027, 1030 
eae bie ® cola 1022-1023 


1031 


mean stress 


specimen 


Fatigue strength 
SAE 4340 steels ....... 1254-1269 
effect of inclusion... .1254-1269 


Ferrite 
single crystals 
flow and fracture of. 
See Single crystals. 
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Ferrite, proeutectoid 
kinetics of isothermal 
oe eee ewes 1105-1107 
number of ferrite particles per 
unit area as a function of time 
at 1875 °F for SAE 8620 and 
86B20 steels ........ 1124-1125 
radius of largest ferrite particle 
present as a function of time 
at 1350 °F for SAE 8620 and 
86B20 steels ........ 1124-1125 


formation 


Ferritic stainless steels 
See Stainless steels, ferritic. 
intergranular corrosion of. 
See under Stainless steels. 
Fish-scale fractures .728-730, 762-76: 
high speed steel ......... 762-76: 


Flow stress 
copper-aluminum alloys.1080-1082 
effect of test temperature 
Ceiba eees obemenn 1080-1082 


Fracture 
types encountered in torsion 
test 


Fracture characteristics 
of annealed tungsten 
at various temperatures .399-405 


Gamma iron 


solubility of boron in... .508-510 


Gamma loop study 
of iron-vanadium system .278-283 
of iron-vanadium-titanium 
SURRCGR is Wein < ee os 38 283-288 


Gilding metal 
hardness 
tempering time — 
temperature relationship .1380 


Gilide planes 
in ferrite single crystals. 
See under Single crystals. 


Grain coarsening 
high speed steel ......... 
765-770, ‘773-774, 776, 778-779 


after second austenitizing 


treatment ......... 765-770 
effect of prequench 
temperature ...... 765-770 
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Grain coarsening (cont.) 
high speed steel 
continuous and 
discontinuous ....... 769-770 
effect on quenched hardness 774 


effect of slow heating on 


ee eee 776, 778-779 
effect on tempered 
NE. ndedcubuins 773-774 
Grain growth 
high speed steel ......... 727-773 


coarsening temperature during 
second austenitizing treat- 
ment as a function of first 
austenitizing temperature 
uw dh Ma wobueceeen 735, 739 
on double hardening ...761-773 
effect of annealing variables 
743-745 
ip With on a eieie boca 728-730 
nature of process 
eirue hes eee 733-735, 746-758 


role of proeutectoid carbides 


history 


ia tas 6 ¥ 60 se ee 735-739 
on single hardening... .759-761 
of molybdenum ....... 1454-1455 


time-temperature relationship 
for comparison with recrys- 
SNEED ao wa eee ous 
ecarue 1381, 13888, 1395-1396 
effect of cold work .... 
nee oe Ree 1385-1386, 1389-1390 
effect of second phase .1388-1391 
effect of solid solution.. 


p< ata ew oe eS 1391-1392, 1394 
effect of specimen size 

je ae 1383, 13885, 1389 
eawation fOr 6252663 1382 
importance of grain size 

Cente | AAs i 1377 
master grain growth 

CRUE. aes a tees ss 1387 
theoretical considera- 

CE a aise ees 1392-1396 
with aluminum ....... 1395 
with aluminum-magnesium 

SON eas Cie ak 1393 
with aluminum-manganese 

Se 5 di ce 3 1388-1392 
WEE WIMBG 66 6s RG 1382 
WEIOR vice cave 1386, 1395 
with nickel ......... 1384, 1395 
with zirconium ..... 1387, 1395 
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Grain growth behavior 
high speed steel ......... 739-743 
significance of starting 
SCPMCUITS 5 tec eae 739-7438 
(irain growth, discontinuous 
high speed steel ......... 759-798 
means of avoiding on second 
PN. nrnea dase 776-779 
Grain size 
austenitic chromium- 
mecieet SOONER sik i cess 961-964 
effect of solution 
CCMUPOCTARUTG wc ewee 961-964 
ee 1021-1035 
effect on high temperature 
PE aires cess 1021-1035 
carbon tool steel ........775-776 
vs. austenitizing 
temperature ........ 775-776 


effect on temper brittleness 
489-491 
effect of tempering time and 
See under Grain 
growth or Recrystallization. 
high speed steel..... 733-735, 739 
effect of austenitizing 
temperature 


temperature, 


Q) 79 


liad lahon 733-73 
effect of second austenitizing 
temperature as a function 
of prequenching tempera- 
Stk Se ae laa 734-735, 739 


ture 
low tungsten die steel... 
vs. austenitizing temper- 
ROME ks ek. ceva RR ee 


of molybdenum 


effect on ductility ...1463-1464 


i 1237-1240, 1243 
determination ......... 1237 


effect of austenitizing 
temperature .1237-1240, 1243 
photomicrographs . 1237-1238 


Grain structure 
of low carbon steel 
control with aluminum nitride. 
See Aluminum nitride in steel. 


Graphitization 
effect of prior heat treatment 
1321-13823 
influence of per cent aluminum 
and nitrogen in solution 
1321-1324 


6463885694208 0-8 CS 
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Graphitization (cont.) 
role of aluminum in... .1318-1330 
role of nitrogen in ..... 1318-1330 


Gray cast iron 
oxygen content of cupola-melted 
iron 
chlorine distillation analysis 


Fae we nie Bb ew be Bae A 416-417 
equilibrium relations ..412-414 
metallographic examination 

oon 05 66440 DERN EBS? 415-416 


vacuum-fusion analysis.414-415 


Half-temperature time 
correlation hardness 915 
.. 200-902 


compared with theoretical 


with 
for end-quenched bars 


curve 
for various size rounds and 


6 at a Metso wa 890, S92 


Hardenability 
of alloy steels 
effect of composition on 131, 135 
alpha-molybdenum die steels 


cchenabketacesyouna 1601-1603 
based on transformation 
Ge ios sak eas 1601-1603 


. 485-487, 
carbonitrided 


1369-1370 
1365 


1365 


boron steels. 
COXUUNENOE foeccecccce 
carbonitrided steel ...... 
ava ece ben 1362, 1365, 1367-1369 
AISI 1020 .1362, 1365, 1367-1369 
Alpe Gee fs Sh cies. 1365 
Aros DONS oc avs cceoe 1365 


carburized steel ..1362, 1365-1369 


AIST 30800 ..:.. 1362, 1365-1369 
Rae oi ka 1365 
Ae Gene occ detwee 1365-1366 


1366 
of a case-carburized boron steel 

. . 456-458 
composition of steel ... 4AT 


photomicrographs 
austenite grain size 


correlation of microstructure 
and hardness .453-454, 466-468 
effect of boron on harden- 
SRG Wiebe. sock 461-465 
boron vs. austenite 
transformation ....462-463 
effect of carbon on harden- 
SE TOkckendsstiecs 458-461 
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Hardenability (cont.) 
of a case-carburized boron steel 
estimation of case harden- 


SON oc Cae Cc anes 468-473 
estimation of ideal 
re 454-456 


hardenability results ...448-453 

importance of boron steels 446 
of commercial steels 

quenched in salt and water. 

See Hardenability test. 

comparison of curves obtained 

on Jominy specimens and 

end-quenched 7T-inch 

Ue iwitta Ss «it 1336-1337 
Pee we ace 917-921 
based on equal 50, 80 and 

95% martensite positions 


‘aw dale we eee on 917-921 
effect of austenitizing tem- 
WOTRIUI 6 60 bs osc ee 1127 
effect of boron ........ 1089-1135 
mechanism of ....... 1089-1135 
WESOUMEIOR . oc occ cess 1091 
DORE SE. xc. eaed 1090-1091 


effect of carbon. .1337, 1341-1342 
effect of lanceramp 


{," 2. 3 aeprae 1337, 1342 
effect of section size..... 1345 
effect of strain on ....... 919-921 
equal hardness relationships 

pO Wiki acolo minke hese 911, 913-914 
between distance on end- 
quench bar and center 
and midway position of 

CI nk on 8hk os 911, 913-914 
mechanisms of alloying ele- 

CEE 0.9 ots a een 1100-1102 


ferrite reaction, 


proeutectoid ....1101-1102 


effect of molybdenum 1102 
pearlite reaction ...... 1101 
effect of molybdenum 1101 


reproducibility of end-quench 


Geld) wae ne eis Se sc SS 928-947 
titanium-aluminum-chromium 
SS eiewicus.. 60 611-613 


effect of composition ..611-613 
titanium-aluminum-molybdenum 
‘see hb ad tawwky 592-595 
effect of composition on 594-595 
procedure 592-593 


alloys 


1954 


Hardenability test 
Jominy-type in molten salt 
experimental procedure 


SRE ae baa o Bik kara 1501-1505 
hardenability with salt vs. 

WHEE cccccssudavd 1505-1509 
importance of marquenching 

Py EEF oe 1500-1501 
mechanism of salt quench- 

Me eo sVeccci tre ones 1509-1516 
microstructures ..... 1507-1510 
relationship to water 

ee. 3 os oa ea ke ee 1518 
salt stability studies. .1516-1518 
steels tested §.......... 1501 


structure with salt vs. 
water 
time-temperature curves, 
salt vs. water 
for Cr-Si steel . 1512-1515 
for SAE 3140 steel.1513, 1515 
for 18-8 stainless steel 


ame fe Fa ee Ra” 1509-1511 
Hardness 

alpha-molybdenum steel die 
aaah au ir nuded 1613-1614 

as a function of tempering 
temperature ...... 1563-1566 
SAE 1340 steel ..... 1563, 1565 
SAE 2340 steel ...... 1563-1564 
SAE 4330 steel ..... 1563, 1567 
SAE 43840 steel ..... 1563, 1566 

austenitic chromium-nickel steel 

CE Sk & Vlekedat es 6 a0 952-958 


effect of aging temperature 
ed ee eee 953, 956-958 


effect of aging time .952-954, 957 


effect of carbon content 952 
effect of cooling rate from 

solution temperature 958 
effect of phosphorus con- 

CE: acveee wh ealess <% 954-958 
effect of solution temper- 

Ee eee 953, 955-956 


chromium-nickel-molybdenum- 
manganese alloy 
‘ivbwumbehead 1042, 1044-1045 
effect of tempering tempera- 
ture and time.1042, 1044-1045 
CO ah G awe ra oe e SS 665-666 
effect of torsional strain .665-666 
correlation with cooling rates 915 
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Hardness (cont.) 
correlation with half- 
temperature time ..... 915 


correlation with 1350-T time 915 
differences between end-quench 
and round bars ...... 909-921 
at equal half-temperature 
reer 909-910, 912-914 
effect of differences in strain 
during cooling 
for 95, 80 and 50% 


tensite positions 


mar- 

oe 01-808 
for end-quenched bars. 898 
for various size rounds and 
912-915 


differences between end- 


steel grades 897 


for various 1350-T times. 


quench and round bars 
912-915 
856-857 


iron-carbon alloys thes eee 
vs. tempering tempera- 
RES. - wate web ek a Sa SHGO-S57 
effect of carbon content 
Pe ee ee 856-857 


tempering time and temperature 
relationship 


nn 


ee oss wane’ 378 
for gilding metal....... 1380 
for nickel silver ....... 1380 

va. orain sine. 2.0 S: 1381 


er 1379 


titanium-aluminum-chromium 


for zirconium 


GO wis Scenes 611- 
615, 619-620, 623-625, 630-639 
titanium-aluminum-molybdenum 
Se 600, 602, 605-606 
titanium-chromium alloy 1069 
titanium-iron alloys ..... 1069 
titanium-molybdenum alloy 1069 
Types 309 and 310 stainless 
ee ery 1288, 1292 
effect of aging treat- 
SSR a 1288, 1292 
WER ss cb aha s vee 1139 


vs. time for isothermally trans- 
formed specimens. .1061- 
1062, 1065-1066, 1068, 107: 
RC-130A alloy 
Ti-2.91% Mn alloy.... 
soe aoe eee 1061-1062, 1065 
Ti -7. Mn alloy.... 
spk eRe Eee AS 1062, 1066, 
Ti-12.3% Mn alloy .1062, 


1073 
1068 
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Hardness traverse 
4140 steel 2%-inch round with 
center and two midway 
ROGUES. iidds dew ceived 917, 921 
4340 steel 3-inch round with 
center pin insert .915-916, 920 
effect of strainon hardness 920 
photomicrographs ..... 916 
Heat treatment 
aluminum-copper alloys .1077-1078 
for dispersion of CuAls 
1077-1078 
stainless steels 


of ferritic 
effect on intergranular cor- 
SON oa bas des ss eee 
of titanium alloys. 
See Titanium alloys. 
titanium-aluminum-chromium 
RaeS OV ckeishkwhoees 622-634 
effect on mechanical 
WOGRRTEIEE ides ci. 622-634 
titanium-aluminum-molybdenum 
Ge bet teas 593 
of titanium-molybdenum alloys 
correlation with microstruc- 
ture and mechanical prop- 
OPED 6.6862 0esckod ois 292-311 


Helical fracturing ..664-668, 671-672 
High speed steel 


coarsened grains ........ 779, 781 
effect of multiple annealing 
onciddeth» ‘nt dems Weck tidal tai 779, 781 


means of eliminating. .779, 781 
coarsening temperature as a 

function of first austenitiz- 

ing temperature ...... 

owek nen wideeiie 770-773, 786-787 
coarsening temperature during 

the second austenitizing treat- 

ment as a function of the first 


austenitizing temperature 

eee ey re ee 792-793 
electron micrographs . 748-744 
fish-scale fractures ...... 762-763 
grain coarsening ........ 


765-770, 773-774, 776, 778-779 
after second austenitizing 


treatment ...c..c0- 765-770 
effect of prequench 
temperature ...... 765-770 
continuous and discon- 
ee EPPO a ae 769-770 
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High speed steel (cont.) 
grain coarsening 
effect on quenched hardness 774 
effect of slow heating on 
od ptace ates eualaeian 776, T78-T779 
effect on tempered 
hardness 
grain growth 
coarsening temperature during 
second austenitizing treat- 
ment as a function of first 
austenitizing temperature 
» «ties ie aids ae aetna 735, 739 
on double hardening. ..761-773 
effect of annealing vari- 


hi on ck shalincae'cie eh 743-745 
DAMEN Keds k scene oon 728-730 
nature of process...... 

errr re 733-735, 746-758 
role of proeutectoid 

COUUMEEE, Sadde vies +c 735-739 


on single hardening... .759-761 
grain growth behavior 
significance of starting 


SOFTER Sis 60 739-743 
grain growth, discontinuous 
iilessen dean 759-798 
means of avoiding on second 
GON © i dives ccwes 776-779 
OVO ME sbi Olas asi 733-735, 739 
effect of austenitizing tem- 
MOGMOUNG Nene cbc 733-734 


effect of second austenitizing 
temperature as a function 
of prequenching tempera- 


SD, -anisivae Watkins 734-735, 739 
grain size vs. austenitizing 
temperature 
after a single hardening 
a 759-761 
grain size vs. second austenitiz- 
ing temperature ....... 761-762 
microstructure .......... 


....1736-738, 762, 764- 

766, 779-785, 790-792, 795-798 
austenite subgrain in 

MORESO a oie y:0's 0x0 795 
a . 

iditenl ates 762, 764-765, 779-785 
quenched from various 

temperatures ....... 736-738 
subgrain structure 

plieuneliogtack 782-784, 796-798 
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High speed tool steel 
See Tool steel. 


High temperature fatigue 
See Fatigue, high temperature. 


High temperature properties 
chromium-nickel-molybdenum 
alloy 
stress-rupture -1051-T052 
chromium-nickel-molybdenum- 
. 1051-10538 


tests. 


manganese alloy 


stress-rupture ductility 1052 
compared with 16-25-6 
RE ou ca UW ees ers 1052 


stress-rupture tests. .1051-105: 


High temperature stress-rupture 
tests 
See Stress-rupture tests, 
high temperature. 
High temperature transformations 
17-25% chromium stainless 
s abh hb a ache well 1176-1213 
delta ferrite to aggregate 


steel 


of austenite and car- 
eee 1197-1201 
mechanism involved 1200-1201 
involving delta ferrite.1193-1197 

growth of austenite into 
delta ferrite ....1193-1196 


substructures ..... 1195-1196 
OE: nas s 5 kin whe 1195-1196 

in ferritic stainless steels 
ciao Rl eae heme boa ate 0d 1176-1213 


Hydride phase 
in zirconium .640-642, 644, 646-654 
diffraction pattern ....652-653 


identification .......... 649-654 
Hydrogen 
SE OUD og 5 kk cw ac wbes 640-654 
diffusion rates ........ 644 
effect on ductility ..... 640-642 
equilibrium pressure ..644-646 
Wee er 642-644 
Impact 


energy absorbed as a function 
of decomposition temper- 


MN aaWee ob ccehaens 841, 843 
AISI 1340 steel .......841, 843 
AISI 2340 steel....... 841, 843 
AISI 5140 steel ....... 841, 843 
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Impact (cont.) 

temperature. ..837-843 

effect of decomposition 
i a 837-843 


energy vs. 


AISI 1340 steel ..... 

ciel aaaina lb 837-838, 842-8438 
AISI 2340 steel...... 837-843 
AISI 5140 steel ..... 


secenrteeeont of, 840, 842-8438 


Impact characteristics 
SAE 4340 steel ....... 1592-1593 
effect of forming decreasing 
amounts of martensite 
prior to formation of 
at Se af Sear erer ts 9 1592-1593 
1593 


bainite 
effect of quenching .... 


impact energy 
as a function of tempering 


temperature ...... 1563-1566 
SAE 1340 steel...... 15638, 1565 
SAE 2340 steel ...... 1563-1564 
SAE 4830 steel...... 1563, 1567 
SAE 4340 steel...... 1563, 1566 

as a function of tempering time 

wean cae 1563-1566, 1568-1570 


effect of tempering temper- 


ature ...1565-1566, 1568-1570 
SAE 1340 ..... 1565-1566, 1568 
ee Eee o's. s Sa bests 1565, 1568 
ee Ge in os Kama eee 1569 
SAE 4340 ..... 1564-1565, 1569 

effect of tempering time and 

temperature ...... 1567-1576 
SAE 1340 steel ....... 

doe ue cee 1567, 1571-1573, 1575 
SAE 2340 steel ........ 


...1567, 1570, 1572-1574, 1576 
SAE 4830 steel ........ 

‘getrence 1567, 1569-1573, 1575 
SAE 4340 steel.1567, 1569-1574 

SAE SBi2 steel ...kscccce 

Sika oath 1299-1300, 1302-1304 
at various testing tempera- 

tures ...1299-1300, 1302-1304 
effect of cooling rate. 


silica ater that 1299-1300, 1302-1304 
transition curves ........ 


1570-1571, 1574-1575, 1582-1585 
bainitic structures ..... 

cceaeoan 1574-1576, 1582-1585 
tempered martensite .. 

Se NS a 1570-1571, 1582-1585 
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Impact loading 
See Dynamic loading of metals. 


Impact properties 
Charpy V notch for nodular 


WM cckeeedeks teeta 422-448 
effect of notch sharpness 

OO isu Helo ote 0a 1595-1597 
Super HY-Tuf and SAE 4340 

POOGEN vk vss sda we Fak eet 1591 
of titanium-molybdenum 

7 Bee ee ee Pe 297-303 


transverse of alloy steels 
effect of composition on. See 
Transverse mechanical prop- 
erties. 


Indium arsenic -antimony system 


microstructures .........391-395 
phase diagram .......... 391 
thermal analysis ........390-391 
X-ray analysis ..........392-396 


Induction heat treatment 
to surface harden titanium 


Pee ey ere er or ee 270-273 


Intergranular corrosion 
of ferritic stainless steels. 
See under Stainless steels. 


Interstitial holes 


in tace-centered cubic 
EE i ra se 1094-1096 


Interstitial solid solutions 
effective diameter of solute 


ROU ts ee fee Sees 1168-1175 
| ere 1169-1171 
strain energy ......... 1112-1116 


as a function of the distance 
from the solute atom 


bb adbnes «SPIT C ees 1114-1116 
diameter of interstitial 
Gee Sai cvaveeters 1112 
WO c's wh heed candies 1113 
Gee A ch eee cet te 1113 
GUM feces cine: 1112 
GEE. Sa ok os tas 1113 
COMMIS 's Wewsevccdewe 1114 
DOONE ®  His s . Vekdekeen 1115-1116 
pet Stee Aira fA is 1114 
Iron 
effect on properties of Cu-Ni-Si 
GE Caicdredews's.c 063 332-333 
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Iron (cont.) 
grain growth 
time-temperature relationship 
eS. os hom cua 1386, 1395 
nodular, notch ductility. 
See Nodular iron. 


Iron-carbon alloys 


Charpy tmpact .......... 1305 
electron micrographs 
talisirer pa haniedeia 857-864, S72-873 
effect of tempering tem- 
perature ..........80¢-864 
0.15% carbon alloy 
ai i iacndineeen tena 861, S63-S64 
0.4% carbon alloy... .861-864 
0.8% carbon alloy 
ve. koe mca 859-861, 863-864 


1.4% carbon alloy 
.857-859, S63-S64, S72-873 
graphitization ......... 1321-1326 
effect of aluminum . .1323-1326 


influence of nitrogen.1321-1326 


hardness vs. tempering tem- 
OTRO ok oo oA koa 856-857 
effect of carbon content .856-857 


low temperature proper- 


CN a ii dita Be ad 8 977-985 
strain hardening ...... 985-991 
effect of carbon con- 
SE Saar ee ds wa 990 
effect of ferrite grain 
ee re serene 990-991 
effect of temperature 
ae We cm eS aie 989-991 
SONGIRER. «4.654 --00 00s 979, 983 
SO i wn nen 977-985 
effect of carbon con- 
ASB 6 as oc aie 6 ais YTY-OS85 
effect of ferrite grain 
NE iste oie wc a ws 977-985 
effect of heat treat- 
NE Saas aks 6 dees 980-985 
effect of temperature 
eis ca wha < oe 977, 985 
VOR OO | ig occ ck oe kon 991-995 
effect of ferrite grain 
a ia ee 991-994 
effect of heat treat- 
RE Gea tx cecne 991-992 
effect of temperature 
Peet Te ee 994-995 


effect of twinning ... 994 


. 
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Iron-carbon alloys (cont.) 
microstructures ......... 
. . 978-979, DSO, 9S2, 1323-1327 
carbide stringers ..... 979, 98 
sch thee were eds 978, 980 
strain hardening exponent .987-991 


bho 


grain size 


effect of carbon content 990 
effect of ferrite grain 


ee cla Leah. «hae earet 990-991 
effect of temperature ..989-991 
stress-strain curves ..... 985-987 


effect of testing temper- 
YS5-OST 


oe oe - 8OE 


ature 
subboundary carbide 
thickness of ..........865-867 
equation for determining 866 
subboundary carbide pre- 
SO i rede 867-875 
first stage of tempering. 67-86.) 
third stage of tempering . 869-875 
...- 869-871 


nature of reaction....S871-S74 


nature of carbide 


relationship to embrittle- 


CN awewees st eeewn S74-S7T5 
subgrains in tempered mar- 
ivi ote aeeean S64-S65 


864-865 


tensite 
size of 


equation for determining 865 


temper embrittlement 1305 
tempering ..............851-881 
microstructural changes 
Oe ci cede tWia dott ee 
transition temperatures.. 1305 
Iron-carbon-chromium alloys 
Cte SUI nee ae se os « 1306 
temper embrittlement 1306 
transition temperatures 1306 


Iron-carbon-chromium-manganese 
alloys 


Chatpy wnpact .......... 1306 
temper embrittlement 1306 
transition temperatures 1306 


Iron-carbon-chromium-nickel alloys 


CBr ey. SEPOCt i6.. esses 1306 
temper embrittlement 1306 
transition temperatures 1306 
Iron-carbon-chromium-nickel- 
manganese alloys 
Charoy tmipuct .......... 1308 
temper embrittlement 1308 
transition temperatures 1308 
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lron-carbon-manganese alloys 
i |. gees Sa 1305 
temper embrittlement 1305 
transition temperatures 1305 
Iron-carbon-nickel alloys 
ee 1305 
temper embrittlement 1305 
transition temperatures 1305 


lron-carbon-nickel-manganese alloys 


Te 1308 
temper embrittlement ... 1308 
transition temperatures .. 1308 


Iron-chromium-molybdenum alloys 


equilibrium structures 799-811 


heat treatment ..........800-801 
battsce comstant .....%:.% 801-802 
CS arenes beetaer 801-802 
OO a ee ag is S02 
metallography .......... 802, 804 
phase diagrams .........803, 805 
photomicrograph .......802, 804 
X-ray diffraction ........ 801-802 
Tn oe SO1-802 
eS eee eee 802 


iron-Fe.B system 
influence of small amounts of 
boron 
Ke-Fee.B diagram 
iron-boron phase diagrams 
501-503 
eee iets 505-507 


previous work on iron-boron 


microstructures 


PNR 3 6 6 6 dle aac wee 100-503 
MrOCeGuUre ....cccrsccs. 0-008 
reaction isotherms .... 508 


solubility of boron in alpha 


WOE a owscee cee s Rete 

microstructures ..... 515 
solubility of boron in 

gamma iron .......508-510 


microstructures 


thermal analysis ......508-510 
types of solid solutions 
SOME on vicea's caecum ee 


Iron-nickel-chromium alloys 
corrosion resistance of castings 
in neutral salt baths. 
rosion resistance. 


See Cor- 


Iron-vanadium system 
gamma loop study ....... 278-283 
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lron-vanadium-titanium system 
gamma loop study ...... 283-288 


Isothermal austenite transformation 
in 17-25% chromium stainless 
steel ...1180-1189, 1191-1193 
GN... vine witaeinad med 1180-1182 
reaction rate curves. .1191-1193 
transformation products 


SE i BA re 1183-1189 
effect of transformation 

temperature ....1183-1189 

Zee CORPUS Sickie 1180-1181 


Isothermal embrittlement diagrams 
for boron steel .......... 486-488 


Isothermal formation 
martensite ....... 1105, 1107-1108 
kinetics of ..... 1105, 1107-1108 


Isothermal transformation 
of titanium-chromium alloys. 
See under Titanium-chromium 
alloys. 


Isothermal transformation diagrams 
Ti-2.91% Mn alloy... .1059-1060 
Ti-7.72% Mn alloy ..... 

vein Kanmiei 1061-1062, 1072 
Ti-12.3% Mn alloy ...1061, 1065 


Isotopes 
oxygen-18 
use in determining oxygen 
in titanium and zirconium 
sive ob 05NCEUbbO ben ous 528 


Izod impact 
Types 309 and 310 stainless 
SO0GE 5s deen séonnast 1288, 1292 
effect of aging treat- 
MOOR 6 cavinnctan 1288, 1292 
relation to microstructure 1292 


Jominy end-quench test 
cooling curves. ..935-939, 941-944 
variation in....936-939, 941-944 
effect of delay during 
specimen transfer .938-939 
effect of specimen 
positioning ....... 935 
effect of surface scale .944-945 
effect of water spray 
ONG 66:50:65 abn 40 943-944 


Jominy end-quench test (cont.) 
cooling curves 
variation in 
effect of water tem- 


eo aan a 941-942 
for several end-quench 
CEI 0 hn.n es hws nt 936-937 


a) 
890, 894-896, 902-904, 907-910 
correlation between ideal di- 
ameter and distance on 
end-quench bar ..... 907-910 
correlation curves of equal 
cooling times in end-quench 
bars and rounds .....907-908 
correlation with hardness 915 
1350 °F to terminal tem- 
perature times ....... 
ca iniede 890, 894-896, 902-904 


ROPERCER - avis Sawee inn 909-921 
difference between end-quench 
and round bars....909-921 
at equal half-temperature 
ee 909-910, 912-914 
effect of differences in strain 
during cooling ..... 919-921 


for various 1350-T times 
fwCCSERUAS 8S 6 ow ie 912-915 
hardness gradient ....... 940-944 

effect of variation in speci- 
men transfer time ...940-942 

effect of water spray height 


ee wane eae ells as eb 943-944 
effect of water temperature 942 
quenching constant ...... 886-907 
calculation of H value.. 886 


variation of H value...887-907 
at half-temperature time 
rue as ke eae s eae 905-907 
importance of severity of 
OEE a TL ones 
891, 896, 898-899, 901-907 
with specimen size ..887-904 
with temperature ...887-904 


quenching fixture ....... 934-935 
couple assembly and speci- 
men in position ..... 935 


reduction in surface temperature 
during transfer of specimen 
from furnace to quenching 
SE. 6 ng phe chee yam 937-938 

IE aie 5 is balan 6 00 ee 884-885 
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Jominy end-quench test (cont.) 
temperature measurements dur- 


ine Guetich ....6.56%% 929-933 
magnitude of error ....930-933 
thermal reproducibility ..928-947 
test specimen ......... 930-932 
thermocouple assembly 
Se er Le ee 930-9382, 935 
time-temperature relation 
oe setae oe ears 938-939, 941-944 
effect of delay during speci- 
men transfer ........ 938-939 


effect of surface scale. .944-945 
effect of 


height 


water spray 
effect of water tempera- 
 pucaseweatcese oh 941-942 


Jominy-type test 
using molten salt bath. 
See Hardenability test. 


Lattice constants 
iron-chromium-molybdenum 


ae ag De wa «i tl 801-802 

Chi phase ............-801-802 

Ci: Se <5 + waa «aoa 802 

DE vcs wa esr tees 702-703 
effect of alloying elements 

sa ie i ie een ee mas 702-703 


Lattice parameters 
austenitic chromium-nickel 


EEA = Sao See Be ae 958-959 
ES dle sic a sto 959 
ee? cee bebe ces VEeks 958-959 


Low carbon steel 

aluminum nitride effect on 
See Aluminum 
nitride in steel. 


structure. 


Low temperature properties 
iron-carbon alloys ....... 979-991 


strain hardening ...- 985-991 


effect of carbon content 990 
effect of ferrite grain 
RAPS vg deg Py Fe 990-991 
effect of temperature 989-991 
ee NR oes cance oe 979, 983 
Sotes aire s+ ces ...- 977-985 
effect of carbon content 
(ame a en moka s wa he ee 979-985 
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Low temperature properties (cont.) 
iron-carbon alloys 
total strain 
effect of ferrite grain 
(maven cee 977-985 
effect of heat treatment 


size 


effect of temperature 977, 985 
WHE WUE soa koe cau 991-995 
effect of ferrite grain 
ONE ek kee ee ee 991-994 
effect of heat treatment 
Sereeer er Cre ee 991-992 
effect of temperature 994-995 
effect of twinning ... 994 


Low temperature testing 


tensile properties ........ 975-977 
WROD kid cach nantes 75-977 
recording diameter 
RS 5-4 enw x ok 976-977 
schematic diagram 976 


Magnesium 
effect on properties of Cu- 
Ni-Si alloys ...........337-338 
Magnetization 
medium carbon steels .813-817 
vs. temperature ....... 813-817 
effect of silicon .....813-816 
with different retained 
austenite contents ... 815 
Manganese 
effect on properties of Cu- 
sein: GUND cc tivk oma wai 333-335 


Manganese-chromium-molybdenum 
steels 


hardenability ......... 1505-1509 


Marquenching 
in molten salt. 
ability test. 


See Harden- 


Martensite 
hardness for 95, 80 and 50% 
martensite positions 


ib age Bible owe hee eee re 897-898 
for end-quenched bars . 898 
for various size rounds 
and steel grades .... 897 
kinetics of isothermal 
formation ..... 1105, 1107-1108 
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Martensite (cont.) 
relationship between end- 
quench bars and center, 
14 radius and % radius 


BONNE 5. cscs cvtbbue 917-921 
Martensite formation 
DE WE Fok 6 bcs 6da ee es 1246 
nucleation and growth 
Cee: 5 vs dcbnen es 1246-1248 
nucleation and shear 
ORGY. « § dient ddion 1246-1248 
rate OR. i... «is demain 1243-1247 


as a function of transfor- 
mation temperature 1248-1245 

effect of austenitizing 

eras ® are 1243-1247 

. 1243-1246 


temperature 
effect of grain size 


Martensite reaction 
17-25% 


steel 


chromium stainless 


Martensite, tempered 
electron micrographs . . 853-855 
comparison of rotary and 
static shadowing . 853-854 
subgrains in iron-carbon 
SONS: iscencindurs os 
subgrains in iron-carbon 
SUOVS. <ccdecediccves eae 
; 864-865 


equation for determining 865 


size oOo! 


Martensite transformation 
as a function of transformation 
temperature .......- 1248, 1245 
effect of austenitizing 
temperature on M, 
octiliaaa¢- stele arid 1239-1240, 
effect of cooling rate on 
ee ee 1240, 1242-1243 
effect of grain size on M, 
5 kobe osekineaeae trae 1240-12438 
influence of heat treating 
ee ee 1225-1253 
literature . . . 1226-1227 
quench-temper method for 
determining ....1228-1236 
austenitizing temperature 
1239-1240 
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Martensite transformation (cont.) 
influence of heat treat variables 
thermal analysis method 
for determining 


5s atieeien 1236-1237, 1242-1244 
austenitizing temperature 

Keainh snes + ase 1243 
cooling curves ...... 1244 
ee 1243 
RINE 5 os aati 1243 


Martensite-transformation 
temperature curves 
effect of austenitizing 

temperature on slopes 


ME a ato ae oe 1243-1244, 1247 
effect of grain size on 
slopes of ...... 1243-1244, 1246 


Mechanical properties 

chromium-nickel-molybdenum 

alloy, 16-25-6 
effect of tempering treat- 

ee ewanwek es 1042, 1044 
chromium-nickel-molybdenum- 
. - 1041-1046 
.. 1045-1046 


ments 


manganese alloy 
effect of cold work 
effect of quenching 


temperature ...... 1041-1045 
effect of tempering 
SPORIMIGMER 41006 e> 1042-1045 


of molybdenum, control of. 
See under Molybdenum. 
Super HY-Tuf and SAE 4340 


I i terete ae 1590-1591 
titanium-aluminum-chromium 
I sig he ar as 6522-634 


titanium-aluminum- 
molybdenum alloys ....602-607 
of titanium-molybdenum alloys 
correlation with heat treat- 
ment and microstructure 


Kaha eaeh Web 6s eae es 292-311 


Mechanical properties, transverse 
of slack-quenched and tempered 


wrought steel ....... 1331-1358 
Mechanical testing 
at low temperatures ..... 975-977 
ND ia en CG ON eK 975-977 
recording diameter 
I «it aieiainie take « cera 976-977 
schematic diagram .. 976 
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Medium carbon steel 
See Steel. 


Melting point 


SRN ES ee ewe EN 1138-1139 
Metallography 
iron-chromium-molybdenum 
GE 6:0 os 4 .0kVasatenn 802, S804 


Microcrack structure 
effect of torsonial strain. .666-680 


CN OE 6 6. kg 6 Ck bo Paar ee 670-680 
Microstrain 
during dynamic loading .. 52-53 
Microstructures 
alpha-molybdenum die steel 
ii i ie, ee ed 1603-1605, 1607-1609 
of aluminum stress-rupture 
tested at 900°F ....... 75-81 
of annealed tungsten 
fractured at various 
temperatures ....... 400-403 
austenitic chromium-nickel 
ey 960-968 


effect of aging time . 963-966 
effect of phosphorus 
content 965 


effect of quenching strains 


etchants 
grain size 
photomicrographs ..... 
op amnemnen 962, 964, 966, 96S 
residual carbide content after 
. .961-964 
of case-hardened boron steel 
sole naen dee acel 453-454, 466-468 
of 16 Cr—25 Ni-—6 Mo alloy 
during elevated temperature 
uitehnn sie 1548-1550 
chromium-nickel-molybdenum- 
manganese alloy ..1046-1051 
hot-rolled 1046 
effect of cold work 1048-1050 
effect of water quenching 
from 1800 to 2150 °F 
cthcen's tee 1046-1048, 
17-25% chromium stainless 


solution treatment 


working 
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steel ..1179, 1183-1190, 1194- 

1195, 1197, 1199, 1205-1207 
depletion of austenite by 

precipitation ........ 1190 


SUBJECT INDEX 


1643 


Microstructures (cont.) 
17-25% chromium stainless steel 
growth of austenite into 
delta ferrite ...... 1194-1195 
lamellar carbides in 
<RhGacd 1197, 
residual carbides and 


ferrite 


martensite 1199 
nitrides in martensite 
ha chia £8 Oran 1179, 1205-1207 
resulting from isothermal 
transformation of 
sia ee WS 1183-1189 
of heat treated titanium 
alloys 


austenite 


See aa eonlo: wcll 074-575, 580 
high speed steel 


i tecanioen ore ween 736-738, 762, 


764- 
766, T79-785, 790-792. 795-798 


austenite subgrains in 


Meartemerste .....6s ccs. T95 
quenched from various 
temperatures ....... 136-738 
subgrain structure 
eit le © anette ae 782-784, 796-798 
of indium arsenic-antimony 
MS dbaiccuk so weaseera 591-395 


pith 6 aide wee 005-507, 511-512, 515 
iron-carbon alloys 


of iron-boron alloys 


. 978-979, 980, 982, 1323-1327 
carbide stringers in ...979, 982 
OVO: BONE. Sha vida nc 978, 980 
of marquenched steels .1507-1510 
of molybdenum 


during ingot processing 


a ewes ob een eats 1456-1461 
of nitrided titanium .....547-555 
of nodular irom ...i..... 421 

relationship to fracture 

IEEE wien cha le oh es 441-448 
of plain carbon steels 

oda -we. Aan, de a 1529-1530, 1533 
SAE 1050 steel .......... 

ee 1228, 1231-1233, 1237-1238 
SAE 4340 steel ........ 1258-1261 

fatigue cracks ...... 1258-1261 


stainless steel... ..s..s«es 


..-1287, 1290-1291, 1293, 1295 
Type 309 .1287, 1290-1291, 1295 


ieee Se ..2<% 1287, 1293-1295 
SON Sinks sciatica 834-837 
FRee Ee © ncn vc occu o oe 
Pe ER ina tile min tre 835, 837 


AISI 5140 
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Microstructures (cont.) 
titanium-aluminum-chromium 

Ant 6 dite miners 615-619 

titanium-aluminum- 
molybdenum alloys 


alloys 


.. O9T-599 

021-325 

of titanium-chromium alloys 
éxeea 233-238, 239, 241, 252, 254 


of titanium-molybdenum alloys 


of titanium-boron alloys 


correlation with heat treat- 
ment and mechanical 
POUNCE. is conse se 292-311 
of titanium-nitrogen alloys 
bo wh ob aw one 3 oe eee 317-319 


zirconium 


hydrogen im ........6. 646-649 
of zirconium-aluminum alloys 
Sadeee wed wel Pe meieaeker 359-368 
Molybdenum 
in alloy steel 
effect on transverse 
DOCTOR i oe iis 5 144-147 


analysis by vacuum-fusion 
method 


ee eee eee 376-379 
operation of ........ 379-380 
importance of ......... 375-376 
nitrogen determinations 383-385 
oxygen determinations 380-382 
effects of sample 
GRIGREIONM once einsicn 382 
sensitivity of gas-volume 
measurements ...... 379 


mechanical properties control 
effect of grain size on 
GRIER. i oin'a sicéie 0% 1463-1464 
effect of rolling 
COMIMETALUMES. oss sia dcc 
effect of testing 


1461 


temperature ......1461-1463 
factors affecting transition 
temperature ...... 1463-1464 
grain growth ....... 1454-1455 
materials studied ..... 1450 
processing ingots ..... 1455 
macrostructures during 
i'n i garb ened Cab 65 1455-1456 
microstructures during 
ed oko id deeds 0d 1456-1461 
tensile properties during 
bé FAR ESES Eas bed 1459-1461 
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Molybdenum (cont.) 
mechanical properties control 
recrystallization ...... 1451 
effect of annealing 
temperatures ...1452-1453 
effect of annealing time 1454 
effect of cold work 1452-1453 
stress-rupture data at high 


temperatures ....0.és. 122-123 
Nickel 
in alloy steel 
effect on transverse 
ea 144-148 
effect on properties of Cu- 
Pe OD on gee woke 331 


grain growth 
time-temperature relation- 


See We oak cauee ss 1384, 1395 
lattice constants ........ 702-703 
effect of alloying elements 
hie 4 ae ai OOS ok ek ies 702-703 
solubility in vanadium 1153 


stress-rupture data at high 


ee ae 121-122 
Nickel alloys 
CO Wee wad cicemeaee 703-714 


effect of solid solution 

alloy content on 

parameter “A” ..708-709, 713 
reproducibility ........ 703-705 
variation of e. with solid 

solution alloy content 

SOE POET eee 708-709, 714 
variation of slope with 

solid solution alloy 

kas oe 708-709, 712 

creep parameters 

effect of solid solution 

alloying elements ...701-714 


Nickel-cobalt alloys 


creep curves.......... 705-707, 710 
creep parameters ........ 706-707 
ee re 706-708 


Nickel-iron alloys 


Creep CUFVES .......% 705-707, 710 
creep parameters ........ 706-707 
COU Oe. & bide hates 706-708 


Nickel silver 
hardness 
tempering time — temperature 

relationship ......... 1380 
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Nickel-titanium alloys 


creep curves ....... 705, 708, 711 


creep parameters ........ 706-707 

CORD TBRES 20.0.0 00ro00 0% 706-708 
Nickel-tungsten alloys 

COMED CHEVES «. cc aiecscecn 705, 709 

creep parameters ........ 706-707 


creep rates 


Niobium 
stress-rupture data at high 
temperatures ......... 121, 123 
Nitriding 


for surface hardening titanium. 
See under Titanium. 
in low carbon steel 
for control of structure with 
aluminum. See Aluminum 


nitride in steel. 


Nitrogen 
in molybdenum 
measurement of ....... 383-385 
.1318-1330 
strain energy per atom .. 1114 
use in nitriding titanium .562-563 


role in graphitization 


Nodular iron 
notch ductility 
Charpy V transition 


CPOE. cot neens os 422-426 
comparison with steels 
en pee 422-426 
effect of silicon and 
phosphorus ....... 423-425 
significance of ...... 427-428 
compositions of irons 
I i i 419-420 


drop weight tests 
effect of alloying elements 
on fracture temperature 
Vike wate ene eee eae 431-433 
effect of microstructure 
on fracture temperature 


Sib aten Davai aide ee 431-433 
effect of section size 433-434 
explosion tests ....s... 435-441 
fracture path vs. micro- 
CROMER ATO occ unc ctiiwn 441-4438 
microstructures ....... 421 
tensile properties ..... 425, 427 
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Normalizing 
effect on quench cracking 
of hollow steel cylinders 
» ohh. ae wenn a eee ai 102-103 


Notch ductility 
of nodular iron. See Nodular iron. 


Notch tensile properties 
effect of notch sharpness on 
fracture appearance .1018-1019 
CE. sch cece altace 1000-1001 
variation of average true stress 
with sharpness at various 
Peer 1016-1017 
SOE ba keecnnaeuans 1016-1017 
EL: we aucaéahe glk 1016-1017 
variation of necking strain with 
notch sharpness ...1017-1018 
aluminum, 24S-O ....1017-1018 
.éethe her en bem 1017-1018 
copper, annealed .1017-1018 
copper, hard drawn .1017-1018 
variation with notch sharp- 


strain values 


brass 


Ets eo cdasad vee 1006-1010 
aluminum 24S-O ...... 1009 
ES oo bk6 4 ok ORs Aes 1007 
copper, annealed ...... 1011 
copper, hard drawn .1006-1008 
ae ee 1010 
SE oi te 1008 


variation of notch strength 
ratio with notch sharpness 
nea gine 1009-1010, 1012-1014 
fractures determining 1010-1013 
schematic representation 
1014 


eee eeeeeeeeeeeeenee 


variation with unnotch 
nas Aen 1013-1015 
Notch tensile strength 
effect of notch sharpness 
biota pihlw ee Gee ele 1003-1005 
annealed brass 
hard drawn copper ..1003-1005. 
Nucleation and growth 
analysis of proeutectoid ferrite 
and bainite formation 
Lee G LG athiow as kewars 1097-1100 
effect of boron ...... 1098-1100 
Nucleation rate 
as a function of time ..1097-1100 
effect of boron ........ 1098 
IN i3 sh e's vs 1097-1099 


necking strain 
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Oxygen 

in gray cast iron ........ 409-417 
in molybdenum 

measurement of .......380-382 
solubility in vanadium 1144 
in titanium and zirconium 

by isotopic method 
py ees ee ae 527-528 


experimental results ..5380-532 


importance of determining 527 


Pearlite spacing 
effect on transition temperatures 


carbon steels investigated 1528S 
for 0.017% C steel ..... 

eer: aa 6 Ses a 15381, 15384-1535 
for 0.22% C steel ..... 

shay dette Baek ta ails ide 1532, 1534-1535 
for 0.43% C steel ...... 


Try. yee 1532, 1534-1535 
for 0.73% C steel .1533-1535 
for 0.78% C steel ....15383-1535 
microstructure of 0.2% C 
3 win Sackigeat nie 65 1529, 1535 
microstructure of 0.73% C 
530, 1533 
pearlite content of steels 


1528, 1531-1552 


we 
= 


steel 


steel 


a 


<ewanpbhap © bake ated 1535-1536 


time-temperature curves 


for 0.73% C steel.... 
oa wea ee wee 1530, 1533-1534 
Phase diagrams 
indium arsenic-antimony 391: 
URN Skis se ms ov ob BHO 5OL-5038 


iron-chromium-molybdenum 
S03, SOD 


ipOtbe-Et Gals. occ ccccce socescenune 
titanium-boron ..........320-324 
titanium-chromium ...... 237-238 
titanium-nitrogen ....... 314-316 
vanadium-aluminum 1148 
vanadium-carbon ....... 1145 
vanadium-silicon ........ 1150 


..1156, 11638 


355-358 


vanadium-zirconium 
zirconium-aluminum 


Phase transformations 
titanium-manganese alloys 
J euwh cv GObGeb be Sirk 5 1058-1061 
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Phosphorus 
in nodular iron 
effect on notch ductility 
sigh hihi te otha eases dae a 23-425 


in SAE 4140-type steels. .828-829 
effect on dilation during 


tempering ..........S828-829 
Photogram 
Ti-—7.72% Mn alloy ...1066, 1068 
Photomicrographs 
iron-chromium-molybdenum 
ES ee ee, 
titanium-manganese alloys 


pba telat © ae eibcee tere 1058-1061, 1063 


Pin insert specimen 
construction 
to determine effect of 

differences in strain during 


cooling on hardness ...920-921 


Plastic deformation 
mechanism of nd 


Plastic strain 
delay during dynamic 
loading 47-52 


nD-5Y 


mechanism of 


Precipitation hardening 
austenitic chromium-nickel 
steel 


0 & ca naCe Rn ree aoe 952-954, 957 
effect of carbon content 952 
effect of cooling rate from 

solution temperature $58 
effect of phosphorus 
pewhee bk 00 oe 954-958 
effect of solution temperature 


955-9056 


content 
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Preyield microstrain 
during dynamic loading .. 52-53 


Quench cracking 
of hollow alloy steel cylinders 
effect of austenitizing 
temperature ........ 101-102 
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Quench cracking (cont.) 
of hollow alloy steel cylinders 
effect of boron content 110-111 
effect of carbon content 
Fo wares tee eae 107, 109-111 
effect of disk thickness 105-106 
effect of ingot position 106-109 
effect of normalizing ..102-103 
effect of quench temperature 
Re Oe ee ee 103-105 


effect of wall thickness 103 
test employed ........ 100-101 
Quenching 
of nitrided titanium 
effect on case hardening nag 
Quenching constant 
calculation of H values .. SR6 


variation of H value ..... SS7-907 
in end-quench bars 
cece cc ec ee f LOH, 896, 898-900 


at half-temperature time 


for two cooling rates 
and two positions in 
rounds 
importance of severity of 
EEN “hii wd da weavers 
.. 891, 896, S9S-899, 901-907 
within a 24-inch round 887, 893 
with specimen size ....S8S87-904 
with temperature .....887-904 
Quench temperature 
effect on quench cracking 
of hollow steel cylinders 
tk Kale sede te ace ear ORR eae 103-105 


Rare earths 
in alloy steels 
effect on transverse 
ae 148-153 
effect on Charpy impact 
REPENS 5 STi ks 
iyo ats 1340-1348, 1351, 1555 
as a function of distance 
from the quenched end 
of end-quenched slabs of 
steel .1340-1348, 1351. 1353 
effect of position on 
transition temperature 1353 


Rare earths (cont.) 
effect on tensile property 
POSING SS oice es cceeke 
.. 1340, 1344-1345, 1347, 1349 
as a function of distance 
from the quenched end 
of end-quenched slabs 
OC Steehesi bus Ae 
.1340, 1344-1345, 1347, 1349 


Recrystallization 
of molybdenum 
in controlling mechanical 
properties. See under 
Molybdenum. 
time-temperature relation- 
ship for 
comparison with grain 
growth .1381, 1388, 1395-1396 
effect of alloying elements 
PRT - PR sary BEN Ter ie 1391-1392 
a 1382 


importance of grain size 


RE cio We shea wile tints 1377 
master recrystallization 
OD es a 1383-1387 


effect of cold work 1381, 1385 
theoretical considerations 

a ia cie pletok sab Ua, Sasha ah ook ocean 1392-1396 
with aluminum ....... 1381 


vanadium, cold-rolled ... 1139 


Reduction of area 
transverse of alloy steels 
effect of composition on. See 
Transverse mechanical 
properties. 


Retained austenite 


effect on torsion properties 97-98 


Rheotropic recovery 
of steel 


effect of strain aging ..184-196 


Rolling temperature 
for molybdenum 


effect On properties ... 1461 
Rotary shadowing ......... 853-854 
Rupture 


equation for 
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Salt bath marquenching 
of commercial steels. 
See Hardenability test. 


Salt baths 
corrosive effect on cast Fe-Ni-Cr 
alloys. See Corrosion resistance. 
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Sensitivity factor 
in torsion test 


Shear planes 
in ferrite single crystals. 
See under Single crystals. 


Sigma phase 
in Types 309 and 310 stainless 
ST Sah ie Fo 8 eee 1285-1297 


formation of ........ 1285-1297 


Silicon 
in alloy steel 
effect on transverse prop- 


a 148, 152-153 
effect on properties of Cu-Ni-Si 
SN: keuavdneshe dbckve 331 


in nodular iron 
effect on notch ductility .423-425 


solubility in vanadium . 1149 
Single crystals 
flow and fracture of ferrite 
experimental technique 
pb bos as sau 1410-1411 
Pract *>..dckvs cee res 1421-1433 
low temperature tests 
effect of temperature 1421 


tension and compression 
1419-1420 
mechanical twinning .1434-1435 
proposed theory of slip 
saan 1407-1408, 1421-1424 
atom movements ..1436-1442 
compared with experimental 


PORE: bn cvwnsss 1421-1423 
strength of various planes 
dntacckintes scenes 1408-1409 


room temperature tests 
effect of alloy composition 
ae: 0 tiie tds weiss eine 1418 
plane of slip 
tension vs. compression 
oitecedas 1415-1416, 1418-1419 
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Single crystals (cont.) 
flow and fracture of ferrite 
shear glide planes....1411-1415 
strength of polycrystalline 


RR ead seh ae 8 1410 
Se ee ee 1433-1434 
Slack quenching 
heavy forged steel sections 
ea bbls Auch Male oba 1331-1358 
effect on mechanical prop- 
ithe, “yep aad See 1331-1358 
Slip 
in ferrite single crystals. 
See Single crystals. 
Solidification 
are 1218-1222 
probable sequence of events 
pee 4a ectne Oia kia. 1218-1222 
pasty condition ......... 1222 
Solution treatment 
of titanium alloys 
effect on properties... .571-576 
Specimens 
NT ekics Gav sae avis 659 
COR: bi aidiaie 8s Reni ts 659 
Specimen size 
effect on grain growth .. 
oct aise’ © waathaaets 1383, 1385, 1389 


Spring alloy 
copper-base substitute for 
copper-beryllium. See Copper- 
nickel-silicon-aluminum alloys. 


Stainless steel 
intergranular corrosion of ferritic 
types 
austenite not responsible 


thea saws bin Chew Re 214-218 
compositions of steels tested 
fintddak ah an bono 200-201 
conditions producing ..197-200 
effect of carbon ....... 207 
effect of chromium .... 206 
effect of miscellaneous 
CMNNES. 6 bas. k:k vt 209 
effect of sensitizing heat 
COREE | 505 oes soe 211-214 
effect of subsequent heat 
COREA iain bc 0 citids 209-211 
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Stainless steel (cont.) 
intergran. cor. of ferritic types 
effect of titanium additions 


Psevusupeahovs vu be 0% 207-209 
mechanism of ......... 219-222 
test for determining ...201-202 
welding tests .......... 202-206 


microstructures ......... 

1204, 1287, 1290-1291, 1293-1295 
intergranular precipitate 1204 
Type 309 .1287, 1290-1291, 1295 
Type Si. < .0s« 1287, 1293-1295 


Stainless steel, 17-25% chromium 
A; temperatures 1179 
austenite decomposition 1182-1183 

intermetallic compounds 
associated with ...1182-1183 
carbide precipitation 1182 
depletion of austenite by 
precipitation ........ 1190-1191 
high temperature trans- 
formations ....... 1193-1201 
delta ferrite to aggregate of 
austenite and carbides 
1197-1201 


“eee eeee 


mechanism involved 

1200-1201 

invoking delta ferrite.1193-1197 
growth of austenite into 


delta ferrite ..... 1193-1196 
substructures ..... 1195-1196 
PON 5 cc xdwnd <i 1195-1196 


isothermal austenite transfor- 
mation. .1180-1189, 1191-1193 
ce aek ear oe ae eae 1180-1182 
.1191-1193 
transformation products 


data 


reaction rate curves. 


citar a as tavtaed acta shen ice sa 1183-1189 
effect of transformation 
temperature ....1183-1189 
Da ibwhewe ss 1180-1181 
martensite reaction ..... 1183 
microstructures ......... 
1179, 1183-1189, 1194- 
1195, 1197, 1199, 1205-1207 
depletion of austenite by 
precipitation ........ 1190 
growth of austenite into 
delta ferrite ....... 1194-1195 
lamellar carbides in mar- 
SP ee ec deus 1197, 1199 
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Stainless steel, 17-25% Cr (cont.) 
microstructures 
residual carbides and nitrides 
in martensite.1179, 1205-1207 
resulting from isothermal 
transformation of austenite 
1183-1189 
transformation of austenite by 
growth of existing delta 
Se ssa Seca see’ 1191-1193 


oe eeeeoeeeeeeeeeees 


Stainless steel, ferritic 
high temperature trans- 
DORURIE = . s on dane 1176-1213 


Stainless steel, Types 309 and 310 
formation of sigma phase 
Sttdate iis adeeb 1285-1297 
aging treatments 
diffraction studies 
ferromagnetic permeability 
ere ee rere 1288-1289 
OE Oa 1288, 1292 
effect of aging treatments 
Oe ee ea ee 1288, 1292 
BOG MmOeE csc > deus 1288, 1292 
effect of aging treatments 
1288, 1292 


relation to microstructure 1292 
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X-ray analysis of needle 


constituent 1297 


Stainless steel, Types 430 and 442 
dniow sme eRe 1204-1205 
effect of welding and post- 
weld annealing ....1204-1205 
tensile properties ..... 1204-1205 
effect of welding and post- 
weld annealing ....1204-1205 


corrosion 


Statistical analyses 
of the stress-rupture test. 
See Stress-rupture test. 


Steel 
case-carburized 
effect of boron on hardenability. 
See under Hardenability. 
critical temperatures ..1270-1284 
elevation by high heating 
¢ | eee 1270-1284 
apparatus for deter- 
NN Ga se oa 1271-1274 
method of determining 
1272-1274 
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Steel (cont.) 

effect of boron ........ 1089-1135 
...1091-1093 
temperature dependence 

seg ha 1092-1093, 1123-1124 
thermodynamic conditions 
er 1091-1092 
on diffusivity of carbon 


adsorption effects 


leading to 


1095 
grain boundary effect .1090-1093 


in austenite ......... 
effect of type and amount of 
nonmartensitic decomposition 
products on lowest temper- 
ature for ductile fracture . 
oo tbe ae Bttlae & 6 teehee 842, 844 
impact energy as a function 
of decomposition tem- 


Derature .i.sc..cce Ohh, 
effect of decomposition 
products .....6.4.4.041, &48 


impact energy vs. temper- 
ature 
effect 


of decomposition 
Verrier 


nonmartensitic 


products 
influence of 
decomposition products on 


true stress —true strain re- 


lationships ............843-845 
isothermal transformation 
characteristses ....<<<s 1562 
isothermal transformation 
REOECS © nc czcaunaks 1096-1100 
effect of boron ...... 1096-1097 
microstructures .........833-837 


pearlite spacing effect on transi- 
tion temperatures. 
See Pearlite spacing. 
. 830-846 


effect of nonmartensite de- 


quenched and tempered 


composition products on 
SKC bop eee 830-846 


temperatures for 10 and 30% 


properties 


transformation during cool- 
ing to various isotherms .833-837 
ae ee 1298-1317 
effect of chemical composi- 


temper brittleness 


tion on susceptibility 
a9 000064 saRnemeenrs 298-1317 
SAE 3312. .1299-1300, 1302-1304 
tempered 
carbide phases in ......869-871 
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Steel (cont.) 
tensile properties ........ 843-845 
effect of nonmartensitic 
decomposition products 


Keith ieee dom eked 843-845 
transverse mechanical prop- 
GI khan ccna we 1331-1358 


of slack-quenched and tem- 
pered wrought steel.. 
1331-1358 


S2£¢ 6G SGS 664 2 O46 2 CO 


Steel, hypoeutectoid 
embryo concentrations for 
. 1093-1094 
L094 


solution behavior 
schematic diagram 


Steel, medium carbon 
changes in magnetization vs. 
temperature ........813-817 
effect of silicon .......813-816 
with different retained aus- 
tenite contents ...... 815 
electron micrographs ....! 
length changes on tempering 
«diceqiwtRbiy was div Borel 817-822 
for 100% austenite ....820-822 
activation energies ..820-821 
effect of silicon...... 821 


for 100% martensite ...817-820 


activation energies .. 820 
effect of silicon content 
wm Wath Web we Wale Bod os 817-820 
rate equation ....... 820 
UOT 5 iis ERS vie 812-827 
effect of silicon........ 812-827 
Steel, trade designation 
4170 type 
hardenability ......... 1127 
effect of austenitizing 
temperature ...... 1127 
effect of boron ...... 1127 
81B40 


hardenability curves 
effect of quenching tem- 


ae 1126-1127 
NE 9440 
hardenability ....... 1505-1509 
NE 98V65 
hardenability ....... 1505-1509 
S-816 
notch tensile properties 
bike +a ‘ 1010, 1016-1017 
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Steel, trade designation (cont.) 
S-816 
notch tensile properties 
variation of average true 
stress with sharpness 
at various strain values 
1016-1017 
variation with notch 
sharpness 
SAE 1050 
martensite 


1010 


transformation 


1225-1253 


influence of heat treating 
, —e 1225-1253 
microstructure ........ 
...1228, 1231-1233, 1237-1238 
SAE 1095 
hardenability 
SAE 1335 
hardenability 
SAE 1340 
rheotropic recovery and strain 


isha Wheel ie 1505-1509 


reer 1505-1509 


aging behavior ...... 184-196 
SAE 2340 
hardenability ....... 1505-1509 


SAE 3140 
hardenability ......... 
Ani blak tee 1505-1509, 1513-1515 
temper brittleness 1304 
SAE 3312 
impact energy 


1299-1300, 1302-1304 
at various testing tempera- 
.1299-1300, 1302-1304 
effect of cooling rate 


tures 


tame ce 1299-1300, 1302-1304 
SAE 4140 
hardenability ....... 1505-1509 
SAE 4340 
fatigue strength ...., 1254-1269 
effect of inclusions.1254-1269 
hardenability ....... 1505-1509 


tensile properties . 1265-1269 


effect of torsional pre- 


strain upon ..... 1265-1269 
SAE 6150 
hardenability ....... 1505-1510 


TS 8117 

dilatometric cooling curves 
1121-112 
effect of boron content 
1121-1123 


“eee eevee eee eneeee 
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Strain aging 
of 16 Cr —- 25 Ni-6 Mo alloy 
hc ch Se es dene teled ee 1547 
effect on rheotropically em- 
brittled steel .......... 184-196 


Strain energy 

in interstitial solid solutions 
1112-1116 
as a function of the distance 


from the solute atom 


646 cGl aa a We ee wae 1114-1116 
diameter of interstitial 
SOOO Boss hc owe 1112-1113 
Se hit. cewebe 1113 
CD 235) 6 cab bs 30k 1113 
CS oS ewes wah 1112 
0 ee ee ae 1113 
Oe 1114 
MN oe. gksees 1115-1116 
gs eee 1114 
Strain hardening 
ppp ecers TOES oc ccct cass USD 
I oie So's wmna 989 
measurement of ......... 985-988 
Strain hardening exponent 
GNI “uc baw $86 eeeedc OST 
iron-carbon alloys ....... 989-991 
effect of carbon content N90 


effect of ferrite grain size 


Strain rate 
effect on proportional limit 
and ultimate strength 46-47 
vs. time 15 


Stress-rupture data 
correlation for metals at high 
temperatures 
aluminum data ........ 117-119 
of atomic numbers with acti- 
vation energies for creep, 
rupture and self-diffusion 
125-127 
edie en 119-121 
commercial alloy data. .122-125 
equation for total creep.113-115 


eeeeveeeeeeseeeeeeeees 


beryllium data 


molybdenum data ..... 122-123 
RE sk gee 121-122 
niobium data ......... 121, 123 
rupture equation ...... 115-116 


titanium data ......... 119-121 
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Stress-rupture tests 
a statistical analysis for 2S 
aluminum at 900°F.. 
experimental results 


63-86 
66-68 


microstructures ....... 75-81 
statistical treatment 

alge dal wie Whale ae 69-74, T9-85 
honk eet 36s <n dcwad 65-66 
uniformity of material 68-69 


Stress-rupture tests, 
high temperature 
bones MR bo ccivs beeeda 
.. .1023, 1026, 1031-1032, 1035 
effect of grain size 
1023, 1026, 10381-1082, 1035 
on minimum creep rate at 
various temperatures and 
...1031-1032, 1035 
on rupture life at various 
temperatures and 
eomiepiiee’ 1023, 


stresses 


stresses 1026 


Stress-strain curves 
RIE... «mitbrecaare ove 
....684-686, 689-691, 
comparison of effects of 


695-696 


recovery and stress 
ieee Soe as do 695-696 


effect of creep straining.684-686 


recovery 


prestrained at various 


temperatures 689-691 


aluminum-copper alloys 
1078-1081 
effect of CuAl, content 
nt TE esc 2 wee 1078-1081 
for Al-Zn-Cu alloys ..... 
for 16 Cr — 25 Ni-6 Mo alloy 
at elevated temperatures 


“eee eee enn eeneeeenne 


size 


350 


cpus 008 oo nene mae 1546-1548 
copper, cold-worked ..... 667-668 
relation to flow direction 
ou o aeue wheat en iee 667-668 
iron-carbon alloy ........ 985-987 
effect of testing tem- 
DOSHIMIG 6c vines db seer 985-987 


notch and unnotch bars.1003-1005 
various materials and con- 


GORE : 6 ce ddéecchaes 1002-1004 
Stress-strain relations 
under dynamic loading ... 38-42 
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Structure 
of low carbon steel 
effect of aluminum nitride on. 
See Aluminum nitride in steel. 
of steels marquenched in salt 


Sie WI Sots dae cece 1506 
Subboundary 
I ea ic es 854 


Subboundary carbide precipitation 
in iron-carbon alloys .... 867 
first stage of tempering .867-869 
third stage of tempering . 869-875 
nature of carbide ....869-871 


nature of reaction ...871-874 
relationship to embrittle- 
EL 
Subgrain 
nth Wee cees 854 
Supercooling 
Ni aia i a oe ae a 1214-1222 
constitutional supercooling 
i a a tare be So sl 1217-1218 
Surface hardening 
of titanium by nitriding. 
See under Titanium. 
Surface heat abstraction 
coeflicient ..............899, 903 


Technical Program and Reports 
of Officers, American Society 
for Metals—35th Annual Con- 
vention, Cleveland, October 
BD Ge By Be. - ce ccwcne. 1 


Temper brittleness. See also 
Temper embrittlement. 
of boron steel. See under 
Boron steel. 


SNUG Saeiie sb x0 ka 0 1305, 1307 
precipitating phase. .1305, 1307 
SOE. cdi aida san khs Coes 1298-1317 
effect of carbon ....... 1307 


effect of chemical composition 
on susceptibility ..1298-1317 
effect of chromium 1309 
effect of manganese. .1308-1309 
effect of nickel ...... 1307-1308 
effect of phosphorus 1309 
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Temper embrittlement. See also 
Temper brittleness. 


iron-carbon alloys ....... 1305 
iron-carbon-chromium 
I i. es oe cet od 1306 
iron-carbon-chromium- 
manganese alloys ..... 1306 


iron-carbon-chromium-nickel 


SS... artiithis vos-aten ane 1306 
iron-carbon-chromium- 

nickel-manganese alloys 1308 
iron-carbon-manganese 

kd ces cel dreaine 1305 
iron-carbon-nickel alloys. 1305 


iron-carbon-nickel-manganese 


SE, Gn ads cee sere ees 1308 
SA eee 606 . cease 1304 
SAE 3312 steel 

effect of carbon ....... 1304 

effect of chromium 1304 

effect of constituents 1304 

effect of nitrogen ..... 1304 
Gua oi vckec boss cedes 1299-1301 

Tempering 
iron-carbon alloys .......! 851-881 


microstructural changes 
See 
medium carbon steels . 812-827 
effect of silicon on 
iitine O86: sbi wee. os 812-827 
length changes ........ 817-822 
effect of silicon ..... 817-822 
SAE 4140-type steels ....828-829 
dilation during ........ 828-829 
effect of aluminum ..828-829 
effect of phosphorus .828-829 
time and temperature vs. 


OGD iis es i Se cle 1378-1381 
Tensile fracture 
BOISE a eee ccc tev. 663-665 
effect of torsional 
eee” bs bate kb ws 663-665 
fracture angle ........... 663-665 
variation with torsional 
Shc se sae aa 663-665 


helical fracture pattern ..664-665 
microcrack structure ....666-680 
effect of torsional strain .666-672 


Tensile fracture stress 


Ne sone bana kaon 661-666 
effect of torsional pre- 
NS iia es nc ee ah 661-666 
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w 


Tensile properties 


I ne he cin nw cats nr OO 681-699 
effect of prestrain 
RR ek. a 681-699 


effect of stress recovery .691-699 
effect of nonmartensitic de- 
. 843-845 
of high strength titanium alloys 
effect of heat treatment 


composition products 


eee Terrr rrr fe 
stainless steel, Type 430 and 
ee ee 1204-1205 


effect of welding and post- 
weld annealing . - 1204-1205 
titanium-aluminum-chromium 
alloys 
effect of composition 622 
effect of heat treatment .622-634 
titanium-aluminum- 
molybdenum alloys ..602-607 
effect of composition. ..602-607 
effect of cooling rate from beta 


solution temperature .602-607 


Tensile property traverses 
as a function of distance from 
the quenched end of end- 
quenched slabs of steel 
1338-1344 
corrected to a constant 
tensile strength ..... 
1338-1339, 1343-1351 
yield strength-tensile strength 
ME SES Ged ete iad 1338-1340 


Tensile strength 
transverse of alloy steels 
effect of composition on. 
See Transverse mechanical 
properties. 


Tensile stress 
effect on critical tempera- 


SEE. 00+ 6aps beben oe 1279-1281 
Tension-impact properties 
static vs. dynamic ....... 42-43 


critical impact velocity. 43-44 


Thermal analysis 
of indium arsenic-antimony 
ab sonway abate 390-391 


Thermal diffusivity value . .904-905 
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Thermocouple wires 
insulation required in quench 
SRW ester ediwes ds 1233-1235 


cooling curves ........ 1234 


Time-temperature transformation 
titanium-aluminum-chromium 
ONE 5 GASES Cena 613-620 
effect of composition on.613-620 
effect of heat treatment .613-619 
titanium-aluminum-molybdenum 
SOTO. e vicne ds bo Toes 595-5OS 
effect of composition on .595-508 
effect of heat treatment .595-598 


Tin 
effect on properties of Cu-Ni-Si 


. » On 
SOR. - wh wknide katie i eee 


Titanium 
additions to ferritic stainless steels 
effect on intergranular 
COE ons nic ots ein ie 207-209 
effect on properties of Cu-Ni-Si 
alloya.:«is8si.steys CSO 
notch tensile properties .. 1008 
variation with notch 
SRN sn He Rae a 1008 
oxygen content 
mneasurement by isotopic 
method. See under Oxygen. 


stress-rupture data at high 


COMRDET RUNES © <6 hock whe 119-121 
surface hardening 

SO 257 

gas carburizing ........ 267-270 

induction heat treatment 
Viewebiebaeheheoe awed 270-273 

liquid carburizing ..... 264-267 

NeOn GOR s6 sawdscne sos 257 


pack carburizing with 
[RU in vereae see 264 
pack carburizing with steel 
COPE oon ks ot ones 259-264 
Weer | Bek «0 oo: én cede 258-261 
surface hardening by ammonia 
nitriding 
effect of ammonia flow rate 
GR scrvicccdasavedses anaes 
effect of time-temperature 
WORRIES | on os vaca s¥ 546-557 
equipment and procedure 
Jn Dich an be weaihnd as 541-545 





Titanium (cont.) 
surface hardening by ammonia 
nitriding 
importance of ......... 540 
mechanism of nitriding .561-563 
comparison with nitrogen 
Sen Se os Aes 562-563 
microstructures ....... 547-555 
nature of case and core.557-561 
effect of quenching on 559 
electrical resistivity 
measurements ....559-560 
X-ray diffraction study 


Titanium alloys 
heat treatment of high strength 
alloys 
age hardening effects on 
NNR dhs bb en 576-584 
microstructures ..... 576-580 
alloys tested 
review of alloy develop- 
RS) as 000esurons ee 569-570 
solution treatment effects 
on properties ..... 571-: 
microstructures .....574-57! 
stability of overaged alloys 
at high temperatures .584-585 


Titanium-aluminum-chromium 


alloys 
age hardening ...620-622, 637-638 
effect of chromium ....620-622 
Chater mpact ies ix i 623-634 


effect of composition. . .623-63 
effect of forging practice 
seed WE SeCEOGR OS wed 627-628 


effect of heat treatment .623-634 


NESTE |e :« cnncnnds 611-613 
effect of composition ..611-613 
ORR. 2 hbo 611- 
615, 619-620, 623-625, 630-639 
heat treatment .......... 622-634 


effect on mechanical 
PINS 56 since 622-634 
mechanical properties ...622-634 


microstructures ......... 615-619 
tensile properties ........ 622-634 


effect of composition ..622-634 
effect of heat treatment .622-634 
TTT determinations ..... 613-620 
effect of composition ..613-620 
effect of heat treatment.613-619 
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Titanium-aluminum-molybdenum 


alloys 
ame harGeming ....i cess: 600-60 4 
effect of composition ..600-602 
Cee spit. se cas cn 602-607 


effect of composition ..602-607 
effect of cooling rate from beta 
solution temperature .602-607 


effect of forging practice 606 
hardenability ...........592-505 

effect of composition on .594-595 

procedure .......:.....§02-008 
hardness........ GOO, 602, 605-606 
ee Ne cae oe 593 
mechanical properties ....602-607 
microstructures ......... O9T-599 
preparation of ..........591-592 
tensile properties ........ 602-607 


effect of composition ..602-607 
effect of cooling rate from beta 
solution temperature .602-607 
TTT determinations ..... 595-598 
effect of composition on.595-598 


effect of heat treatment.595-598 


Titanium-boron system 
microstructures .........321-325 
phase diagram ..........320-324 
X-ray diffraction results. .324-326 


Titanium-chromium alloys 


PPO: i sic ouuba cht as 1069 

isothermal transformation 
eutectoid temperature . 233 
phase diagram ........237-238 


Ti-2.35% Cr alloy ....240-243 


hardness vs. transforma- 


ee ae 244 
microstructure ...... 241 
M, temperature ..... 240 
ae ee Ss Se 244 
X-ray diffraction study 

; ihpioe Cube ks sag 240-243 


Ti-4.64% Cr alloy ....238-240 
hardness vs. transforma- 
ES ig ine sala 242 
microstructure .....239, 241 
M. temperature .....238-239 


TTT diagram ..w#7... 242 
X-ray diffraction study 
Vile sae eae a ae 6 hae 239-240 
Ti-5% Cr alloy 
IIT diagram ....... 252 


Titanium-chromium alloys (cont.) 
isothermal transformation 
Ti-7% Cr alloy 
TS 2S COON cscs oan O52 
7.54% Cr alloy 


electron microscope 


RO aoa eo a ae 2413-248 
hardness vs. transformation 
temperature ......2358-239 


a eee aa Ns a he 247-249 
microstructure ......233-238 
‘ena 238 


X-ray diffraction study 


Ti-9% Cr alloy 


microstructure ......252, 254 
(eum) 253 
Ti-17% Cr alloy 
PEE Gee ..wks<as 253 
X-ray diffraction ........ LOGD 


Titanium-chromium system 
ee 


effect of composition on.588-591 


Titanium-iron alloys 


I 6 iat. a 1069 
X-ray diffraction ........ L069 
Titanium-manganese alloys 
eutectoid-temperature deter- 
I 2.6 ae cw esd paren LOS 


hardness vs. time for isothermally 
transformed specimens 


LORPRN (Ea te 1061-1062, 1066, 1068 
RC-130A alloy ........ 1073 
Ti-2.91% Mn alloy.... 

eas tek ie ee 1061-1062, 1065 


2% Mn alloy.1062, 1066 
3Jfo Mn alloy.1062, 1068 
isothermal transformation 
mh GIR ee tek we me 1056-1074 
diagram ..1059-1062, 1065, 1072 


ee 
ae 


Ti-2.91% Mn alloy .1059-1060 
Ti-—7.72% Mn alloy.. 

ey Ore 1061-1062, 1072 

Ti-—12.3% Mn alloy .1061, 1065 

ee 1065-1070 


X-ray diffraction ....1065-1070 
phase transformations. .1058-1061 
photomicrographs .1058-1061, 1063 
X-ray diffraction ...... 1062-1070 
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Titanium-molybdenum alloys 


NEUE ord ceo cet wok os 5 1069 
study of response to heat 
treatments 
correlation of mechanical 
properties with micro- 
SEFUCTUTS 2 cc cin ce ce ce OUe 


impact strength of isother- 
mally transformed 
MONE ovate tiivennancte 
impact strength of quenched 
. .800-303 
tensile properties of isother- 
mally transformed 
nvenwedadeabed 294-297 
tensile properties of quenched 
and reheated alloys .297-298 
TTT diagrams .294-295, 298-299 
1069 


and reheated alloys 


alloys 


X-ray diffraction ........ 


Titanium-molybdenum system 
init chee oaaee 588-590 
effect of composition on 588-590 


hardness 


Titanium-nitrogen system 


microstructures .........317-319 
nitrogen losses ..........316-317 
phase diagram ..........314-316 


X-ray diffraction results .319-320 


Tool steel 
angular-appearing carbides 
We cg hehe na cee 716-725 
effect of heat treat temper- 
ature and time ...... 719-724 
electrolytic extraction of 
1>sabaw's ak Ube cw MeN 718-719 
electron microscopy of 
VU SOC C ae beac 719, 721-724 
er ee 723-725 
parameters of ......... 724-725 


photomicrographs .720-721, 723 


Torsion test 
factors controlling strength in 


95-99 


92-97 


appearance of fractures 


sensitivity factor ...... 97-98 
GONE ED 5% oeadec.cs 88-89 
torsion properties ..... 89-92 


Transformation kinetics, isothermal 
Mn-Cr-Si steel ........ 1096-1098 
.. .1096-1098 


effect of boron on 
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Transformations 


sources of shear in ....1116-1117 


Transition temperatures 
for boron steels ......... 485, 487 
effect of pearlite spacing of 
steel on, See Pearlite 
spacing. 
ioe 1305 
iron-carbon-chromium alloys 1306 
iron-carbon-chromium- 


iron-carbon alloys 


manganese alloys ..... 1306 
iron-carbon-chromium- 
ee, 1306 


iron-carbon-chromium- 
nickel-manganese alloys 1308 
iron-carbon-manganese 


I eee ei ao ds a's's 1305 
iron-carbon-nickel alloys 1305 
iron-carbon-nickel- 

manganese alloys ..... 1308 


in iron-vanadium system 278-283 
in iron-vanadium-titanium 

Eno hs «ol ties wtie a 283-288 
for molybdenum 


factors affecting ....1463-1464 


of nodular iron .......... 422-443 
SAE 3312 steel ........ 1302-1303 
effect of temper embrit- 
ets: Osis caw ks 1303 
steel 
effect of carbon ....... 1307 
effect of chromium 1309 
effect of manganese 1309 
effect of nickel ...... 1307-1308 


Transverse mechanical properties 
of alloy steels 

effect of boron ........ 138-144 
effect Of carpom ....... 135-139 
effect of chromium ....144-147 
effect of molybdenum .144-147 
effect of nickel ........ 144-148 
effect of rare earths ...148-151 

in combination with boron 


and silicon ....... 151-153 

effect of silicon ....... 148 

effect of vanadium .... 148 

hardenability ......... 131-135 

Treasurer’s Annual Report 11 
TTT curves 

17-25% chromium stainless 
ORee cas cen teens 1180-1182 


1954 


TTT diagrams 


of RC-130A alloy ........ 1072 

of titanium-chromium alloys 
containing 2.35% Cr... 244 
containing 4.64% Cr... 242 
containing 5% Cr ..... 252 
containing 7% Cr ..... 252 
containing 7.54% Cr ... 238 
containing 9% Cr ..... 25: 
containing 17% Cr . 253 


Ti-2.91% Mn alloy ...1059-1060 
Ti-7.72% Mn alloy ..... 
ivein ew caves oa% 1061-1062, 
Ti-12.3% Mn alloy 
Tungsten, annealed 
flow and fracture characteristics 
ductile-to-brittle transition 
temperatures .....399-400 
.. .404-407 
effect of temperature on 


1072 
..- 1061, 1065 


factors affecting 


LotRO ROHEE DECOOS SE EES 404-405 
SUPE. G iwc ccinvc da 403-404 
microstructures ....... 400-403 
tensile properties at various 

temperatures .......399-400 
types of brittleness ... 405 

Twinning 


in ferrite single crystals. See 
under Single crystals. 


Vacuum-fusion analysis 
of oxygen and nitrogen in 
molybdenum. See under 
Molybdenum. 


of oxygen in gray cast iron 


nada oxen eee use eee ae 414-415 
Vanadium 
in alloy steel 
effect on transverse 
| a 148 
a 1139 
recrystallization temperature 
iil mene peak are 6 1139 
OPO 1139 
melting point ......... 1138-1139 
solubility of aluminum in 1145 
solubility of copper in . 1155 
solubility of nickel in ... 1153 
solubility of oxygen in 1144 
solubility of silicon in 1149 
solubility of zirconium in 1155 
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Vanadium-aluminum system 
ee ee ere SP ne ee 1145-1149 
intermediate phases ...1145-1148 
lattice parameters ..1146, 1148 

peritectic temperatures 


Leeeihe tue Sdevaaeae 1145, 1147 
phase diagram ........ 1148 
microstructures ......... 1149 
Vanadium-beryllium system 
rer eer eee 1139-1141 
eutectic composition 1140 
eutectic temperature 1140 
intermediate phase V Bez 
i & eatkid ear San We aaa 1139-1140 
microstructure V—5% Be 
etnies iiae abi B 1140-1141 


Vanadium binary systems 


microstructures ......... 1138 
Wet “EP 4,6 ¥aned ooh: 1138 
Vanadium-boron system 1140-1141 
eutectic temperature 1140 
intermediate phases ..... 1140 
lattice parameters ..... 1140 
microstructures ....... 1140-1141 


Vanadium-carbon system 


Wich ass cae ids 1140-1148, 1145 
eutectic composition 1142 
eutectic temperature 1142 
intermediate phases ...1140-1141 
microstructures ....... 1142-1143 
phase diagram .......... 1145 

Vanadium-chromium system 
tmetes se 6 toe bed od Paeee 1150-1151 


Vanadium-cobalt system 1152-1153 
intermediate phases ...1152-1153 


Vanadium-columbium system 1155 
microstructure ........ 1157-1158 
Vanadium-copper system 
eWON SEs OFAN EL KOs BERS 1151, 1155 
Vanadium-iron system 1152 
Vanadium-manganese system 
ee Pee ee 1151-1152 
intermediate phases ..... 1152 
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Vanadium-molybdenum system 


ow eRe EVES Et Teen esi 1157-1158 
microstructure .......... 1158 

Vanadium-nickel system 
ee ee 1151, 1153-1154 


..-1153-1154 
.. 1153-1154 


intermediate phases 
lattice parameters 


microstructure ..... 1151, 1154 
Volkt ONNSO «dbs vad <i 1153-1154 
Vanadium-nitrogen system 

sebbewebe<s ence 1142-1143, 1147 
intermediate phases ..... 1142 
lattice constants ...... 11438 

VN phase 
melting point ....... 1142 

VeN phase 
lattice parameters 1142 


microstructures ..1142-1143, 1147 


Vanadium-oxygen system 

\veden WWene¥edneseses 1144-1147 
...1144-1146 
...1144-1146 
1145 
1147 


intermediate phases 
lattice parameters 
VO phase 
microstructures 


Vanadium-silicon system 1148-1151 
1149 
1149 
..1 1148-1151 
vot aa eas 1150-1151 


eutectic composition 
eutectic temperature 
intermediate phases 


microstructure 


pnase GMOPR kis i bs. 1150 
Vanadium-silver system 1157 
Vanadium-tantalum system 
See ye ert ee eee” 1157-1159 
microstructures ......... 1158 
V-Ta sigma phase ..... 1158-1159 
lattice parameters 1159 
Vanadium-tin system ..... 1157 
Vanadium-titanium system 1150 
Vanadium-tungsten system 

Sek eee eon eked baoed bee 1159-1160 


Vanadium-zirconium system 
ip iean bs 1155-1156, 1163-1164 


eutectic temperature 1155 
intermediate phase ...... 1155 
peritectic temperature 1155 
phase diagram ........ 1156, 1163 
microstructures ......... 1156 
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Volumetric mean free path 
Gk Cou as eee eS obs cot 1076-1077 
WN Fs 008. beck ce ee 1076 
Wear test 
for surface-hardened 
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